Earlier genetic studies of essential hypertension have focused on nuclear genes or family-based mitochondrial screening in Caucasian and African-American pedigrees. The role of mitochondria in sporadic Chinese hypertensives is unknown. We sequenced mitochondrial genomes in 306 age-and gender-balanced Chinese Han hypertensives and controls. In 153 hypertensives, putative functional changes included 4 changes in rRNA genes, 11 changes in tRNA genes and 25 amino-acid substitutions. The remaining variants were synonymous changes or non-coding regions. In the 153 controls, 2 base changes in the tRNA genes and 13 amino-acid substitutions were found. A8701G in ATP6 gene (belongs to haplogroup M; P ¼ 0.0001) and C8414T in ATP8 gene (belongs to haplogroup D; P ¼ 0.01) were detected significantly different in the cases and controls. Interestingly, the cases were more likely to have two or more amino-acid changes and RNA variants compared with the controls (57.43 versus 23.81%, P ¼ 0.0001). In addition, several variants we found were highly conserved and/or specifically located at the 3 0 end adjacent to the anticodon, which may contribute to the stabilization of structure, and thus lead to the decrease of tRNA metabolism. In conclusion, mitochondrial SNPs (mtSNPs) may affect the course of hypertension in sporadic Chinese hypertensives. Some specific mtSNP within mitochondria may have potential role in the Chinese hypertensives due to their function. Synergetic interaction between mitochondrial mtSNPs and/or haplogroups is needed to be investigated in the future.
Introduction
Hypertension is a common condition, a risk factor for heart disease, renal failure and stroke, affecting approximately 1 billion individuals worldwide and 160 million in China. 1, 2 Thus, understanding the underlying etiology of hypertension has been a major research focus, especially the genetics of hypertension. Indeed, as the completion of the draft sequence of the human genome, geneticists have announced that within 10 years, they expect to determine the significance of the genome as related to essential hypertension. 3 Some progress has been made.
For example, for systolic blood pressure alone, 27 nuclear loci have been identified in populations of European and African ancestry. 3 However, to date, no consistent results have been obtained across ethnicity and races supporting the need for genetic studies in diverse populations. 4 -8 Although the nuclear genome has been studied extensively with respect to hypertension, much less work has been carried out with the mitochondrial genome (mtDNA). Yet, there is evidence to suggest that mitochondria and mtDNA may be important in hypertension. For example, mitochondria produce reactive oxidative species (ROS), and these ROS can cause hypertension. 9 -11 With respect to the evidence of mtDNA, a hallmark of involvement of mtDNA is maternal inheritance. Multiple studies have identified strong maternal inheritance of blood pressure, with one study suggesting that over one-third of hypertension could be attributed to mtDNA variation. 12 -14 Interestingly, a variant in mitochondrial tRNA Ile has been identified in a single family, which segregated with hypertension and appeared causal. 15 Taken together, this study suggests the importance of looking at mtDNA variation to further our understanding of the underlying etiology of essential hypertension. Thus, our objective was to determine the relationship between mtDNA variation and essential hypertension. We carried out a systematic and extensive screening of mitochondrial genes at the Institute of Geriatric Cardiology, Chinese People's Liberation Army (PLA) General Hospital and Cincinnati Children's Hospital Medical Center in a Chinese cohort. We focused on this Chinese Han population because of the high morbidity of essential hypertension in Chinese adults (nearly 11.8%) 2 and the limited amount of research on this racial group. We used a population instead of family-based strategy for two reasons: (1) large numbers of hypertensives without family history are not detected in China, and they might be overlooked for lacking of medical knowledge and regular checks and (2) the morbidity of essential hypertension is not totally family-based; 50 -60% of hypertensives are sporadically distributed. 
Patient assessment
Weight and height were measured while the subjects were fasting overnight and wearing only underwear. Blood pressure was measured in triplicate by a single physician who was expert in the evaluation of hypertension, with an appropriate arm cuff and a mercury sphygmomanometer with the subject in sitting position after 5 min rest. The arithmetic mean of the last two measurements was calculated. Korotkoff phase I was taken for SBP and V for DBP. Hypertension was defined as SBP Z140 mm Hg or DBP Z90 mm Hg on 3 consecutive day according to the Seventh Report of the Joint National Committee. 1 After 12-h fast, 4 ml venous blood was drawn to test biochemical assays, including fasting blood sugar, total cholesterol, triglyceride, high-density lipoprotein, low-density lipoprotein, blood urea nitrogen, urea acid and creatinine by automatic biochemistry analyzer (Hitach 7600DDP, Japan), using Roche biochemical reaction kits.
Mitochondrial DNA analysis DNA was isolated from whole blood using Promega Wizard Genomic DNA Purification Kit (Madison, WI, USA), The hottest spots of cardiovascular diseases 16 were screened using oligodeoxynucleotides 3150 -3600, 3796-4654 and 7937-8797 bp, purified and subsequently analyzed by direct sequencing in an ABI 3700 automated DNA sequencer, using the BigDye Terminator Cycle sequencing reaction kit, and analyzed with SeqWeb program GAP(GCG) according to the updated consensus Cambridge sequence. 17 The primers are as follows: 3243F:
Statistical analysis
Comparison of the cases and controls, continuous variables are expressed as mean ± SD. Discrete variables in groups are expressed as frequency. Relations between continuous variables were assessed by t-test. And discrete variables were analyzed by Pearson's w 2 -test.
To determine whether the cases and controls differ with respect to mtDNA variation, we used logistic regression to determine the chance of having hypertension for subjects with gene variants versus those without adjusting for age, gender or more variables, including heart rate and body surface area.
All the statistical analyses were carried out using the software Stata 7.0 (StataCorp, College Station, TX, USA) and SAS 9.1 (SAS Institiute, Carey, NC, USA).
Results

Clinical evaluation
Descriptive information for the 153 age-and genderbalanced casesand controls is provided in Table 1 . The average age (52.06 ± 4.84 versus 50.99 ± 15.96 years, P ¼ 0.43), gender (54 versus 54%, P ¼ 1), body mass index (24.32 ± 2.20 versus 24.04 ± 3.03, P ¼ 0.36) of the cases is similar to the controls. In the cohort, more hypertensives smoke and drink, and hypertensives have higher lowdensity lipoprotein and creatinine than normotensives.
Analysis of mitochondrial sequence variants
A list of pathogenic variants was taken from MitoMap (http://www.mitomap.org/) and a list of polymorphisms from mtDB (http://www.genpat.uu.se/mtDB/). 18, 19 In the 153 hypertensives, putative functional changes included 4 changes in rRNA genes, 11 changes in tRNA genes and 25 amino-acid substitutions. The remaining variants were synonymous changes or non-coding regions (Table 2 ). In the 153 controls, 2 base changes in the tRNA genes and 13 amino-acid substitutions were found.
Association between mtDNA varianats and hypertension
Comparison of the frequency of variants in the 153 balanced cases and controls is presented in Table 2 . Two single base pair changes were significantly (P ¼ 0.01 and P ¼ 0.0001,) different in the hypertensive patients and the controls: A8701G in ATP6 gene (threonine to alanine, belongs haplogroup M), and C8414T (LEUCINE to phenylalanine, belongs to haplogroup D) in ATP8 gene after adjusting age and gender. The results were consistent after adjusting more variables, including heart rate and body surface area. Frequency and type of the rest sequence variants did not differ significantly between cases and controls. The results remained unchanged when all the statistically significant variables in Table 1 were adjusted for. Interestingly, comparing 1 variant with Z2 variants, the hypertensives harbored more variants (Z2) than the controls when amino-acid changes and RNAs variants were considered (57.43 versus 23.81%, P ¼ 0.0001), as seen in Table 3 .
Discussion
This is the first population-based report of a systematic screen for mitochondrial variants and their effect on Chinese Han essential hypertension. In our Chinese population, we found a substantial number of mitochondrial variants. Importantly, two amino-acid changes, A8701G in ATP6 gene (threonine to alanine) C8414T in In mtDNA, ancestral variants that define groups of types (haplogroups). Haplogroup, population-specific mtDNA lineages, was first initiated to trace back origins of different races and reconstruct ancient migration of women. 22 Recently, the mtDNA lineages were reported more prone to specific symptoms of diseases, including atherothrombotic cerebral infarction, 23 type-2 diabetes 24 and obesity. 24 Meanwhile, haplogroups were found to protect individuals against myocardial infarction and attain longevity. 21, 25 In particular, mtSNP A8701G were identified altering mitochondrial matrix pH and intracellular calcium dynamics and suspected to be involved in pathogenesis of diseases. 26 The base pair change C to T at position 8414 in ATP8 gene, 
Thr to Ala ATP6 A to G T/S/L/Q Yes 75 46 0.0001* 0.0001* 8720
Gly to Ala T to C/T t/a/a/a No 1 0
EH, essential hypertension; F represents the variants were too rare to be analyzed; *represents statistically significant. Two point mutations A8701G in ATP6 gene (threonine to alanine) (P ¼ 0.0001), C8414T (leucine to phenylalanine) in ATP8 gene (P ¼ 0.01) were statistically different after adjusting age, gender, heart rate and body surface area (P-value), the results were consistent after adjusting for age and gender only (P 0 -value). **H/B/M/X means human/bovine/mouse/xenopus. part of the larger ATP synthase protein, may reduce the production of ROS and have the potential role to affect the course of hypertension.
In the cohort of hypertensives, there were several variants that occurred too infrequently to have sufficient statistical power, but that have biologic plausibility. T4363C localized at the 3 0 end adjacent to the anticodon, which contributed to the stabilization of structure, and thus lead to the decrease of tRNA metabolism. A4263G at the initial part of tRNA Ile One of the most surprising findings from the analyses using hypertension as the outcomes was that the hypertensive group was more likely to have Z2 mitochondrial variants than the controls, as seen in Table 3 . This novel finding would suggest that there may be a threshold effect with some of these mtDNA variants such that often variability at a single locus will not be sufficient to increase hypertension risk. This is consistent with work in the nuclear genome where it has been proposed that essential hypertension is controlled by multiple genetic loci, each with a relatively weak effect in the population at large; 27 -29 and compatible with synergistic pathogenic mutations of diseases that LHON was caused by 'primary mutation' and three mtSNPs called 'secondary mutations' in 11778,14484 and 3460 positions. 30 Otherwise, continent-specific mtDNA variants were prone to different diseases as described earlier. 23, 24, 31 Thus, investigations on the synergistic interaction between mtSNPs and/or specific mtDNA lineages have been advocated by geneticists to date. 22 In conclusion, mtSNPs in haplogroups M and D may affect the course of hypertension in sporadic Chinese hypertensives. Some specific mtSNP within mitochondria may have potential role in Chinese hypertensives due to their function. Synergetic interaction between mitochondrial mtSNPs and/or haplogroups is needed to be investigated in the future. This was the first step we marched to investigate the mitochondrial role in Chinese hypertensives. One potential limitation was the small sample size. The conclusion could have been made stronger if the number of people enrolled in the study had been greater. Represents statistically significant, the above form indicates the frequency of amino-acid substitutions or RNA variants per patient; the result was the same even if all non-coding regions and synonymous changes were included.
